Mechanical responses such as twitch and tetanus were markedly reduced in Xenopus single twitch fibers which were previously treated with either 125 mM NaCI or 250 mM sucrose hypertonic Ringer despite the retention of nearly normal action potential and caffeine contracture. This inhibition of excitation-contraction coupling was accompanied by a large reduction in membrane capacity to approximately 2,uF/cm2 during and after immersion in the hypertonic Ringer and can possibly be attributed to the same origin of disruption of the transverse tubular system as "glycerol effect."
Hypertonicity inhibits mechanical responses such as twitch, tetanus, and potassium contracture of Rana twitch muscle fibers (HOWARTH, 1958; CAPUTO, 1966 CAPUTO, , 1968 GoRDON and GoDT, 1970) , whereas it does not influence the action potential (HODGKIN and HoROwlcz, 1957) and Cat + release from the sarcoplasmic reticulum (SR) (TAYLOR et al., 1975; FUJINO and SATO, 1987) . Therefore, its action site seems to be an excitation-contraction (E-C) coupling step following SR Cat + release. On the other hand, the severe hypertonicity has also been reported to inhibit Cat + release from the SR (ASHLEY and RIDGWAY, 1970; PARKER and ZHU, 1987) . These findings are controversial, but one reason is possibly due to differences of types of the muscle fiber or species of animal. We examined the effect of hypertonicity in two species of the frog and report here the new finding that the inhibition of E-C coupling in Xenopus twitch fibers treated with hypertonicity is accompanied by a large reduction in the membrane capacity (Cm) and that the same treatment in Rana fibers is not.
Single twitch fibers were isolated from m. lumbricalis brevis digiti IV and V, and from m. iliofibularis of both Xenopus laevis and Rana japonica. The methods Y. SATO and M. FUJINO used for fiber dissection, electric stimulation, action potential recording, and tension detection were as described elsewhere (SATO and FUJIN0,1987a) . Low frequency Cm in a singly isolated fiber was measured by a short cable theory (AsHIDA, 1985) and its method was also as described elsewhere (SATO and FUJINO, 1987b) . Briefly, two microelectrodes were inserted into a fiber; one electrode (filled with 2 M potassium citrate; resistance, 16-45 MSS) was for applying small hyperpolarizing square current pulses (14-41 nA, 47-2,000 ms) at the middle of the fiber, and the other (filled with 10 M potassium acetate; resistance, 15-40 MSS) for recording the resulting potential changes (0.5-5.5 mV) at distances varying betweeen 0 and 3 mm from the current electrode. A constant current was produced by a negative feed-back circuit using a current clamp amplifier (CEZ-1100, Nihon Kohden). The recorded membrane current and potential changes were stored and analyzed with a microcomputer (HP9825Af S, Hewlett Packard, U.S.A.). The composition of a normal Ringer was (in mM) 114.75 NaCI, 2.5 KCI, 1.8 CaCl2, 2.15 Na2HPO4, and 0.85 NaH2PO4 (pH 7.2). A hypertonic Ringer was prepared by adding either 125 mM NaCI or 250 mM sucrose to the normal Ringer, and its osmolarity (about twice the normal Ringer) was measured with an osmometer (OS-20, Nikkiso Co., Ltd., Japan). A caffeine Ringer was also prepared by adding 15 mM caffeine to the normal Ringer. The medium temperature was maintained at 20°C using a water circulation system. Figure 1 shows effects of 125 mM NaCI hypertonic Ringer on mechanical responses obtained from both Rana and Xenopus lumbricalis fibers. The Rana fiber responded with an inhibition of the twitch responses during the immersion in the hypertonic Ringer and showed nearly normal tetanus (T') and a caffeine contracture (C) at 62-65 min after the hypertonic Ringer was washed out, as reported by other Xenopus .(B) lumbricalis fibers. As twitches were evoked once per min, each fiber was immersed in the 125 mM NaCI hypertonic Ringer for a duration (16 min) indicated with the upperline. T, control tetanus; T', test tetanus; C, caffeine (15 mM) contracture. The abrupt tension drop during the Xenopus caffeine contracture is due to the fiber deterioration. Notations a1-a4 are explained in the next figure. authors (CAPUTO,1968; GORDON and GODT,1970; DULHUNTY and GAGE, 1973) . On the other hand, the Xenopus fiber also responded with the twitch inhibition during the same treatment. By returning to the normal Ringer, the twitch responses recovered immediately but these heights were 12°c as compared with the control. This inhibition lasted 60 min thereafter and the fiber gradually became opaque. The tetanus (T') height at 62 min in the normal Ringer after the hypertonicity treatment was also reduced to 17°c as compared with the control (T), whereas the caffeine contracture (C) height at 64 min was similar to the case of the Rana fiber. A small tension developed during the treatment, which agrees with a hypertonicity-induced contracture (LANNERGREN and NOTH, 1973) . Similar mechanical responses as described above were also observed in respective Rana and Xenopus iliofibularis fibers and in the case of the sucrose hypertonic Ringer. Figure 2 shows propagated action potentials obtained from the same fibers as shown in Fig. 1 . The test action potentials from the Rana fiber during (a2) and after (a3, a4) the treatment with the hypertonic Ringer resembled the control (al). On the other hand, the half peak width of the test action potential (a2) from the Xenopus fiber during the same treatment was reduced to 86% of the control (al) in company with the reduced resting potential (see the legend to Fig. 2 ) and reduced after potential. The changes in the resting and after potentials restored gradually after the treatment (a3, a4) but the spike width still remained narrower. These characteristics of the hypertonicity-induced changes in the Xenopus action potential are similar to Y. SATO and M. FUJINO the case of glycerol treatment (GAGE and EISENBERG, 1969a; HENDERSON, 1970) . Table 1 shows effects of 250 mM sucrose hypertonic Ringer on Cm in Rana iliofibularis and Xenopus lumbricalis fibers. In the Rana fibers (I), which were immersed in (test A) or treated with (test B) the sucrose hypertonic Ringer, Cm did not significantly alter as compared with the control value (p >0.05 by Student's ttest). Sucrose hypertonicity is frequently used in order to eliminate the movement artifact when one measures the membrane electrical properties in Rana fibers (e.g., ADRIAN et al., 1970; ADRIAN and ALMERS, 1976) and our result shown above agrees with these works. On the other hand, Cm in the Xenopus fibers (II) treated similarly (test A, B, C) was reduced to about 2 µF/cm2 (p <0.001 as compared with the control value) and is similar to the values obtained from glycerol-treated Rana fibers (DULHUNTY and GAGE, 1973; HODGKIN and NAKAJIMA, 1972) . A control experiment on one single fiber dissected from the Xenopus iliofibularis also showed that Cm before, at 8-17 min during, and at 26-35 min after the treatment with the sucrose hypertonic Ringer for 26 min were 5.8, 1.5, and 2.7 µF/cm2, respectively. Therefore, the reduction in Cm in Xenopus fibers is not due to the difference of kinds of muscles.
The present results are summarized: Hypertonicity-induced inhibition of E-C coupling in the Xenopus fibers is accompanied by a large reduction in Cm but not in the Rana fibers. In this study, the mechanical responses were measured for both NaCI and sucrose hypertonic Ringer, whereas Cm only for the sucrose hypertonic Ringer. NaCI-as well as sucrose-hypertonicity is known not to produce the reduction in Cm in Rana fibers (FREYGANG et al., 1967) and both NaCI and sucrose Table   1 . Membrane capacity (Cm) in Rana (I) and Xenopus (II) single fibers were immersed in the normal Ringer (control), in the 250 mM sucrosehypertonic Ringer (test A), and in the normal Ringer after the treatment with the hypertonic Ringer (tests B, C).
may also be impermeable to the surface and transverse tubule (T) system membranes in both Rana and Xenopus fibers as this is well known in several other plasma membranes (DAVSON, 1970) . Therefore, there may be no essential difference between the effects of hypertonicity prepared by either NaCI or sucrose. On the other hand, cable constants in the normal Ringer are similar in both iliofibularis and lumbricalis fibers of Rana and Xenopus (SATO and FUJINO, 1987b) . This result indicates that all of these fibers are of fast twitch-type. In conclusion, Cm in Xenopus twitch fibers is exclusively reduced by the hypertonicity treatment.
The mechanism of the hypertonicity-induced reduction in Cm in Xenopus fibers accounts for an electrical discontinuity between the surface and T system membranes like the glycerol effect in Rana (FUJINO et al., 1961; HOWELL, 1969) and Xenopus (NAKAJIMA and BASTIAN, 1974) . The glycerol treatment is also accompanied by the reduction in Cm (HODGKIN and NAKAJIMA, 1972; DULHUNTY and GAGE, 1973) . However, the Xenopus case presented here developed during the immersion in the sucrose hypertonic Ringer (Table 1, II) , which contrasts with the glycerol treatment by which Cm is reduced after returning the medium to the normal Ringer (GAGE and EISENBERG, 1969a; DULHUNTY and GAGE, 1973) . The present results also showed that nearly normal after potentials in the hypertonicity-treated Xenopus fiber (Fig. 2B-a3, a4) were observed under the condition that we can consider as the reduced Cm (Table 1, II) . The effect of hypertonicity on the change in the Xenopus after potential seems to be weaker than that of glycerol and rather similar to the Rana case of ethylene glycol (SEVCIK and NARAHASHI, 1972) . This consideration agrees with the finding that sizes of after potential are mainly not related to the electrical discontinuity between the surface and T system membranes but related to the levels of resting potential (GAGE and EISENBERG, 1969b; SEVCIK and NARAHASHI, 1972) .
The. hypertonic shrinkage induces a reversible change in structure of the Rana triads (DYDYNSKA and WILKIE, 1963; FREYGANG et al., 1967) . This change is analyzed to be not accompanied by the reductions in both Cm (Table 1, I ) and Cat + transient (FUJINO and SATO,1987) . The diameters of the Xenopus transverse tubules are smaller than the Rana ones (OBA et al., 1983) . These findings suggest that the hypertonicity disrupts the Xenopus T system osmotically which brings about the permanent detubulation like the glycerol treatment (HOWELL, 1969) . However, the mechanism inducing the detubulation may differ from the glycerol case since the molecules such as NaCI or sucrose, unlike glycerol, may be impermeable to the surface and T system membranes as previously mentioned. The severe hypertonicity-induced inhibition of Cat + transients in Rana (PARKER and ZHU, 1987) and barnacle (ASHLEY and RIDGWAY, 1970) may possibly be attributed to the same origin. Relation between the reduction in Cm and the structural change of the T system in Xenopus fibers must be examined in detail.
